Reduced Fab' fragments of viral antibody hybridized with reduced Fab' fragments of antiferritin immunoglobulin G bind to viral antigenic sites in the plasma membrane of L cells infected with vesicular stomatitis virus. The hybrid antibody reacts specifically with ferritin, which can be identified by electron microscopy, and with fluorescein-conjugated apoferritin, which can be identified by fluorescence microscopy.
Antibody conjugated with ferritin or fluorescein isothiocyanate is commonly used for identification of viral antigens in infected cells examined by electron microscopy (7) or fluorescence microscopy (1; G. Goldstein, Ann. N.Y. Acad. Sci., in press). Each method has a significant drawback: the resolution of fluorescence microscopy is inadequate for ultrastructural analysis, whereas ferritinantibody conjugates often react nonspecifically with cells. In this report we describe the application of a specific method using hybrid antibody for microscopic determination of the cellular sites and kinetics of viral antigen synthesis. The hybrid-antibody technique is based on the principle first suggested by Nisonoff and Rivers (8) The other third of each infected cell suspension (-10' cells), which had been exposed to hybrid antibody and washed, was incubated at 0 C for 20 min with 50,liters (-0.03 mg) of apoferritin (0.7 mg ml) that had been conjugated with fluorescein isothiocyanate (Graziano and Goldstein, in preparation). The cell suspension was then washed by centrifugation and stored at 4 C after adding 1 drop of 1:1 glycerol-PBS. The unfixed cells were spread on a glass slide and examined by the method of Moller (6) with a Leitz Ortholux microscope equipped with an HBO-200 ultraviolet light source. Photographs were taken at a magnification of X 540 employing a 5840, K2 filter. Figure 1 shows representative electron micrographs demonstrating progressive degrees of ferritin attachment to plasma membrane of L cells exposed to hybrid antibody at intervals after infection with VS virus. At 2 hr after infection, the plasma membrane was essentially free of ferritin except for small patches (Fig. 1A) which could conceivably represent residual input virion membrane (3). By 5 hr, electron-dense ferritin molecules were adherent over a greater area of the cell surface (Fig. IB) ; by 8 hr, the entire surface of the plasma membrane was covered with ferritin ( Fig. IC) in every cell examined, including budding virus particles (Fig. 1D) . Controls consisting of uninfected cells exposed to hybrid antibody plus ferritin and of infected cells not treated with hybrid antibody but exposed to ferritin were completely devoid of ferritin in every section of membrane examined. Figure 2 illustrates the corresponding light microscopic appearance of the same cells infected with VS virus and treated with hybrid antibody prior to exposure to fluorescein-conjugated apoferritin. Specific fluorescent staining was noted in circumscribed patches on the cell surface at 2 hr ( Fig. 2A) and completely surrounded every cell at 8 hr after infection at high multiplicity (Fig. 2B) . No specific fluorescence could be seen on double-blind examination of uninfected cells exposed to hybrid antibody and fluorescent apoferritin or of infected cells exposed to fluorescent apoferritin alone.
Similar results were obtained on a repeat experiment in which L cells were examined at intervals of 2 hr after infection with VS virus at a multiplicity of 100. In this experiment a singlecycle growth curve was constructed by assaying for plaque-forming virus released into the medium at the same intervals after infection. The data were identical to those previously reported (9) , which revealed an eclipse period of 2 hr followed by exponential growth to a peak yield per (7) . These data are presented as evidence for the feasibility of using antiviral-antiferritin hybrid antibody for studying antigenic conversion of plasma membrane of virus-infected or virustransformed cells by specific immunological reaction with ferritin.
